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Abstract 10 
Sweetness is generally a desirable taste, however consumers can be grouped into 11 
sweet likers and dislikers according to optimally preferred sucrose concentrations. 12 
Understanding the levels of sweetness in products that are acceptable and 13 
unacceptable to both consumer groups is important to product development and for 14 
influencing dietary habits. The concentrations at which sucrose decreases liking (the 15 
rejection threshold; RjT) in liquid and semi-solid matrices were investigated in this 16 
study. Thirty six consumers rated their liking of 5 sucrose aqueous solutions; this 17 
identified 36% sweet likers (SL) whose liking ratings increased with increasing 18 
sucrose and 64% sweet dislikers (SD) whose liking ratings decreased above 6% 19 
(w/v) sucrose. We hypothesized that SL and SD would have different RjT for sucrose 20 
in products. This was tested by preparing 8 levels of sucrose in orange juice and 21 
orange jelly and presenting each against the lowest level in forced choice preference 22 
tests. In orange juice, as sucrose increased from 33g/L to 75g/L the proportion of 23 
people preferring the sweeter sample increased in both groups. However, at higher 24 
sucrose levels, the proportion of consumers preferring the sweet sample decreased. 25 
For SD, a RjT was reached at 380 g/L, whereas a significant RjT for SL was not 26 
reached. RjT in jelly were not reached as the sweetness in orange jelly was 27 
significantly lower than for orange juice (p<0.001). Despite statistically significant 28 
differences in rated sweetness between SL and SD (p=0.019), the extent of 29 
difference between the two groups was minor. The results implied that sweet liker 30 
status was not substantially related to differences in sweetness perception. Self-31 
reported dietary intake of carbohydrate, sugars and sucrose were not significantly 32 
affected by sweet liker status. However the failure to find an effect may be due to the 33 
small sample size and future studies within a larger, more representative population 34 
sample are justifiable from the results of this study. 35 
 36 
Highlights 37 
 In orange juice preference increased as sucrose was increased from 33g/L to 38 
75g/L 39 
 In orange juice the sucrose rejection threshold for sweet dislikers was 380g/L  40 
 Rejection threshold for sweet likers were higher than for sweet dislikers  41 
 Sweetness intensity was significantly lower in orange jelly than juice 42 
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 Sweet liker status was not substantially related to sweetness perception 43 
 44 
Keywords 45 
Sweet liking, rejection thresholds, perceived intensity 46 
 47 
1 Introduction 48 
Humans have an innate liking for sweetness (Drewnowski, Mennella, Johnson, & 49 
Bellisle, 2012) as reflected in positive facial expressions even in newborn infants 50 
(Berridge, 2003). However, variation in individual liking of sweet taste has been 51 
reported since the 1970s (Lundgren et al., 1978; Pangborn, 1970) and recent studies 52 
have classified people to be either sweet likers (SL) or sweet dislikers (SD) based on 53 
their hedonic responses to sucrose solutions (Holt, Cobiac, Beaumont-Smith, 54 
Easton, & Best, 2000; Ji-Yoon, Prescott, & Kwang-Ok, 2014; Kim, Prescott, & Kim, 55 
2014; Mennella, Lukasewycz, Griffith, & Beauchamp, 2011; Yeomans, Prescott, & 56 
Gould, 2009). The practical implications of this distinction have yet to be explored in 57 
detail. It might be expected that sweet liking would be associated with increased 58 
preference for, or consumption of, sweet foods. However, definitive evidence for this 59 
is lacking. Mennella et al. (2011) reported an association between preferred 60 
concentrations of sugar solutions and the sugar content of preferred breakfast 61 
cereals. Another recent study found that SL gave significantly higher liking scores to 62 
listed sweet foods than did SD; and in tasting milk and dark chocolate the SL had a 63 
significantly greater preference for the sweeter milk chocolate (Kim, et al., 2014).  64 
 65 
As humans have an innate liking for sweetness, the term “sweet dislikers” is 66 
somewhat inaccurate. SD are unlikely to dislike sweetness in totality, but merely 67 
prefer moderate sweetness levels to high sweetness levels. Therefore, another 68 
possibility is that SL and SD may differ in their tolerance for variations in the 69 
sweetness of foods. Thus, we might expect that optimal liking for the sweetness of 70 
foods or beverages would be reached, and exceeded, at lower sweetener 71 
concentrations for sweet dislikers than for sweet likers. One approach to evaluating 72 
such differences is to measure the point at which a food or beverage is rejected 73 
when a quality (in this case, sweetness) is increased. Such rejection thresholds (RjT; 74 
also known as consumer RjT) have previously been determined for tastes and 75 
flavours that might be expected to adversely affect acceptability. These have 76 
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included 2,4,6-trichloroanisole in wine (TCA, cork taint) (Prescott, Norris, Kunst, & 77 
Kim, 2005), 1,8-cineole (eucalyptol) in wine (Saliba, Bullock, & Hardie, 2009), 78 
bitterness and astringency in wines spiked with catechin-rich extracts (Yoo, Saliba, 79 
Prenzler, & Ryan, 2012), added bitterness in chocolate (Harwood, Ziegler, & Hayes, 80 
2012b) and polyphenols in chocolate (Harwood, Ziegler, & Hayes, 2013). In each 81 
case, these studies determined the lowest concentration of the compound that 82 
became objectionable in a specific food/beverage matrix. The methods to detect RjT 83 
were simple and similar in each study. In the first paper concentrations of TCA were 84 
added to eight wine samples (Prescott et al., 2005) and every TCA-spiked wine was 85 
compared to a sample of control wine in forced-choice preference tests. In three 86 
chocolate studies (Harwood, Loquasto, Roberts, Ziegler, & Hayes, 2013; Harwood, 87 
Ziegler, & Hayes, 2012a; Harwood et al., 2012b), participants were grouped as self-88 
reported milk or dark chocolate likers, which is perhaps analogous to bitter dislikers/ 89 
likers. The papers reported different RjT for bitterness in chocolate milk, chocolate 90 
ice cream and in a solid chocolate coating between these two groups.  91 
 92 
Here we investigate whether RjT can be determined for sweetness in both liquid and 93 
semi-solid food formats (orange juice and orange jelly) and consider whether sweet 94 
RjT may vary as a function of SL/SD status, a classification based on responses to 95 
sucrose solutions. One limitation of this approach might be that liking of sweetness in 96 
aqueous sugar solutions does not predict liking nor rejection of sweetness in a more 97 
complex food matrix, where food format and presence of other tastants can suppress 98 
sweetness. However previous studies have shown a relationship between liking for 99 
sweetness in solution and liking of sweetness in foods (Mennella et al.,2011; Kim, et 100 
al., 2014), hence justifying investigation of sucrose RjT by SL/SD in the present 101 
study. 102 
 103 
Differences in taste sensitivity have been associated with differences in tastant liking, 104 
where higher sensitivity tend to lead to reduced liking at high tastant levels (Hayes & 105 
Duffy, 2008). However, early studies on sweet perception and liking do not find such 106 
a relationship. A paper in 1978 concluded that whereas children and adults perceived 107 
sweetness in a similar manner their hedonic responses were substantially different 108 
(Moskowitz, 1978). In the same year a study of sweetness in coffee found that 109 
sensitivity to sweetness in coffee was not related to differences in liking for sucrose 110 
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level (Lundgren et al., 1978). Any link between liking of sweet taste, sweet taste 111 
sensitivity, intake of sweet foods and body mass index (BMI) remains controversial. 112 
Bartoshuk, Duffy, Hayes, Moskowitz, and Snyder (2006) criticised many studies for 113 
using scales with intensity labels that assume the same absolute intensity is 114 
perceived by all; they proposed that the intensities denoted by labels vary depending 115 
on the participants experience of the tastant. To address this, they used the general 116 
labelled magnitude scale (gLMS) to measure perception of, and liking for, both of 117 
sweet and fat, in 3740 US subjects with a BMI range of <18.5 to 50. They found that 118 
obese subjects experienced reduced sweetness and liked both sweet and fat more 119 
than non-obese subjects. In contrast, however, a recent study also using gLMS 120 
scales found no relationship between sweetness ratings and either dietary intake of 121 
sugars or BMI, although the study sample was much smaller and narrower in BMI 122 
range (Cicerale, Riddell, & Keast, 2012). Therefore, to further increase data in this 123 
area we collected sweetness perception data to determine whether there was a 124 
relationship between sweet liking and sweetness perception. As a secondary output 125 
measure, dietary intake was also measured in order to investigate any relationship 126 
between self-reported sugar intake and either sweet liker status or sweet perception. 127 
 128 
The hypotheses of this study are: (1) The RjT method developed for objectionable 129 
flavours is able to define RjT of added tastants that vary in desirability; (2) SL have a 130 
higher RjT for sweetness than SD; (3) Low RjT for sweet taste are associated with 131 
greater sweetness; (4) sweetness and RjT for sweetness will differ in absolute 132 
sucrose concentration within liquid and semi-solid food matrices, and (4) Dietary 133 
intake of sugars will be higher for SL. In order to investigate these hypotheses, the 134 
study objectives were to first classify SL and SD based on liking ratings for sucrose 135 
solutions, analyse RjT of sweetness in orange juice and orange jelly using forced 136 
choice preference tests, determine sweetness intensities in orange juice and jelly, 137 
and investigate any relationship between sweet liker status and dietary intake of 138 
sugars. 139 
 140 
2 Method 141 
2.1 Subjects 142 
Thirty-six non-smokers, age 18 to 50 years, with no relevant food allergies, recruited 143 
from the University of Reading (Table 1), provided informed written consent. The 144 
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study was approved by University of Reading Ethics Committee (study number 145 
03_13). The subjects had a median age of 26 and there were a higher proportion of 146 
females (66%) than males (34%). The median BMI was within the normal weight 147 
range at 22 kg/m2.  148 
 149 
2.2 Sensory stimuli 150 
The subjects were required to complete three tests: (1) Liking of sucrose solutions 151 
using visual analogue scales (VAS) to establish SL and SD classifications; (2) 152 
Rejection Thresholds (RjT) of sucrose in orange juice and orange jelly using paired 153 
preference tests and (3) Sweetness intensity measurements in the juice and jelly 154 
samples using labelled magnitude scales (LMS). 155 
 156 
The taste stimuli used in the SL/SD determination were five aqueous solutions of 157 
sucrose (Tate & Lyle, UK) (3% w/v, 6% w/v, 12% w/v, 24% w/v and 36% w/v). The 158 
sucrose was dissolved in mineral water (Harrogate Spa, UK). Orange juices and 159 
jellies with sucrose additions in an increasing geometric progression of ratio 1.5 were 160 
prepared for RjT and LMS tests. The eight levels of sugar in orange juice were L1 161 
(33.3g/L), L2 (50.0g/L), L3 (75.0 g/L), L4 (112 g/L), L5 (169 g/L), L6 (253 g/L), L7 162 
(380 g/L) and L8 (569 g/L). A mixture of 100 ml orange juice (Tropicana Smooth, 163 
PepsiCo, UK) containing 100g/L sugar and 200 ml mineral water (Harrogate Spa, 164 
Harrogate, UK) was used to achieve the L1 juice sample. L2 to L8 juice sample were 165 
achieved by adding the required additional amount of sucrose to L1 juice sample and 166 
heating to 40 (±4) °C to ensure the sugar was fully dissolved. The L1 sample was 167 
also heated to 40 (±4) °C for consistency. 168 
 169 
As it was expected that the sweetness of the jelly samples would be lower than in 170 
the juice, the eight sucrose additions to the orange jellies started higher at L2 171 
(50.0g/L), levels 3 to 8 were the same as in juice and one higher addition level was 172 
prepared, L9 (854 g/L). To produce jelly samples, vegetarian gelling powder (50 g/L) 173 
(Asda, UK) was added to juice samples with the designated sucrose additions. The 174 
ingredients of vegetarian gelling powder were the gelling agent, agar, and 175 
maltodextrin. Samples were heated to boiling for 1 minute in order to dissolve the 176 
agar, then cooled to room temperature and held refrigerated (4°C) overnight. All 177 
samples were labeled with random three digit codes. 178 
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 179 
2.3 Procedure 180 
Participants completed the sweet liker status test and RjT tests in their first visit. In 181 
their second visit, at least 1 week later, sweet intensities were measured. Of the 36 182 
participants in visit 1, two withdrew from the study at visit 2; however their data from 183 
visit 1 were retained. The VAS scale used for the sweet liker test (15 cm, scaled 0 to 184 
100) was marked with a neutral point at half scale length and had end-anchors from 185 
“Extremely unpleasant” to “Extremely pleasant”. This VAS scale has previously been 186 
used to classify SL and SD (Holt et al., 2000). The five sucrose samples were served 187 
to each participant monadically, in a balanced presentation order.  188 
 189 
The RjT test was a forced choice test based on the method by (Prescott et al., 2005). 190 
The jelly samples were tested first, followed by the juice samples. Each participant 191 
was presented seven pairs of jelly samples. Each pair included a control sample, the 192 
lowest sucrose addition (50g/L in jelly; denoted “L2” as it was equivalent to the 193 
second lowest concentration used in juice), against which each of the other sucrose 194 
levels (L3 to L9 jelly samples) were compared. The pairs were presented in an 195 
ascending concentration order to minimise adaptation effects, as per the standard 196 
ascending method for threshold tests. Participants were required to taste each pair 197 
of samples and select which sample they preferred. The position of the control 198 
sample was counterbalanced within each pair and between subsequent pairs. This 199 
RjT methodology was repeated for the seven pairs of juice samples where the 200 
control sample with the lowest sucrose addition was L1, tested against levels L2 to 201 
L8. 202 
 203 
In the first visit, weights and heights of participants were measured and used to 204 
calculate BMI. Additionally, participants were asked to fill in a Food Frequency 205 
Questionnaire (FFQ) as used by the European Prospective Investigation into Cancer 206 
and Nutrition (EPIC) group (EPIC, 2015).  207 
 208 
To measure sweetness intensity of the jelly and juice samples in visit 2, an LMS 209 
scale was used with six verbal descriptors ranging from “barely detectable” to 210 
“strongest imaginable” positioned in a logarithmic manner on a vertical line. The 211 
eight sucrose levels in jelly and juice samples were presented monadically in a 212 
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balanced order.  213 
 214 
All sensory tests were carried in individual booths with red lights and at a fixed room 215 
and product temperature (23 ± 2°C). Between samples, participants had 1 minute to 216 
cleanse their palate with filtered water and crackers (Carrs Water Biscuits, United 217 
Biscuits, UK). Compusense five software (version 5.2.19, Ontario, Canada) was 218 
used for data collection. 219 
 220 
2.4 Data analysis 221 
Significant differences in VAS scale liking ratings of the five aqueous sucrose 222 
samples were analyzed by ANOVA. SL and SD were determined by two methods. 223 
The first used agglomerative hierarchical clustering (AHC) using Ward’s method, 224 
dissimilarity and truncated at 2 classes. In order to compare results with previous 225 
literature, this was compared to an earlier method where individuals average liking 226 
ratings across all of the sucrose solutions are compared to a moderate liking value of 227 
50, and SL were classified as those having a mean value >50 and SD as having a 228 
mean value <50. Additionally, liking ratings of sucrose solutions were treated by two-229 
way ANOVA (sucrose concentration and sweet liker status) followed by a multiple 230 
pairwise comparison tests (Tukey’s HSD) at a significance level of 5%.  231 
Significance of the forced choice RjT paired tests was calculated using the binomial 232 
expansion (Diff Test V2.00, 2002 A.W. MacRae), where in each pair the proportion of 233 
subjects preferring the control (lowest sucrose level) was compared to the chance 234 
probability in a paired test of 0.5. In addition, to estimate the group rejection 235 
thresholds (RjT) the proportion of responses (preference for higher sucrose 236 
concentration) were plotted against the log of concentration. Where the data points 237 
approximated a straight line a linear model was fitted. The point at which the 238 
proportion preferring the higher concentration fell below 50% was calculated from the 239 
linear model, as well as the point at which the proportion preferring the lower 240 
concentration reached 75% (the chance corrected probability for 2AFC tasks) 241 
(Lawless, 2010). LMS logged data of perceived sweetness intensity were analyzed 242 
by three-way ANOVA with food matrix, sucrose concentration and sweet liker status 243 
as treatment effects. FFQ data were analyzed by FETA software (University of 244 
Cambridge, UK, FFQ entry and processing program). Nonparametric tests (Mann-245 
Whitney tests) were used to test for significant differences between SD and SL 246 
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dietary intakes.  247 
 248 
Unless otherwise stated, all statistical analysis was carried out using XLStat software 249 
(version 2012.1.01, Addinsoft, Paris, France) 250 
 251 
3 Results 252 
In the results below the sugar content of the samples is referred to as sucrose for 253 
simplicity although the samples comprised natural sugars from the orange juice in 254 
addition to the added sucrose. The level 1 sample was produced from orange juice 255 
with water giving a total sugar content of 33.3 g/L. The sugar composition of orange 256 
juice is approximately 1:1:2 of glucose: fructose: sucrose. Accounting for the 257 
difference in relative sweetness of these sugars (approximately 0.74: 1.17 : 1.0 258 
respectively; (Joesten, Hogg, & Castellion, 2007)) then 33.3g sugars would be 259 
equivalent to approximately 33 g sucrose in sweetness. We considered this 260 
difference minor, and at all high levels of sugar the addition was simply sucrose. 261 
 262 
3.1 Sweet liker status tests 263 
The categories of SL and SD were determined by two methods. Using cluster 264 
analysis (AHC) 13 participants identified as SL (36%), whereas the other 23 were 265 
classified as SD (64%). For SL, the liking of the aqueous sucrose solutions 266 
increased with increasing concentrations of sucrose; however, for SD their liking 267 
reduced with increasing concentrations of added sucrose above 6% (w/v) (Figure 1). 268 
In addition, SL and SD were also classified by comparing their average liking of all of 269 
the solutions to a moderate liking value of 50. Using this method, 19 people were 270 
classified as SL (53%), whilst the other 17 consumers were classified as SD (47%). 271 
All of the SL identified by the AHC method were classified as SL by the average 272 
liking above mid-point method, however 6 participants identified as SD by the AHC 273 
method were characterised as SL by the latter method. The mean liking ratings of 274 
these 6 participants was predominantly just above the threshold value of 50 (mean 275 
55.3 compared to mean for other SL of 63.9 and for SD of 42.0). The participant in 276 
this group with the highest mean liking (65.2) clearly liked the lower sucrose samples 277 
more than the higher sucrose samples (liking ratings of 78.5 and 75.0 for 3 and 6 % 278 
sucrose compared to 57.5 and 51.5 for 24 % and 36 % sucrose). The AHC 279 
classification was preferred in this study (see discussion).  280 
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 281 
Considering the whole group’s sucrose liking scores, there was no significant 282 
difference between the five sucrose solutions (p=0.287), due to the high scores given 283 
to samples with high sucrose concentration by SL and the converse by SD. 284 
However, there was a significant difference in liking ratings between the groups 285 
(p<0.0001) and a significant interaction between the liker group and the sucrose 286 
solution (p<0.0001). Moreover, SL and SD ratings differed significantly for 12% w/v 287 
(p=0.001), 24% w/v (p<0.001) and 36% w/v (p<0.001) sucrose. The interaction is 288 
clearly seen in Figure 1 where the SL liked the 3% sucrose sample significantly less 289 
(p<0.05) than the 12%, 24% and 36% w/v samples (and 6% less significantly less 290 
than 24%), whereas the SD liked the 3% and 6% w/v sucrose concentrations 291 
significantly more than the 36% w/v sucrose sample. There were no significant 292 
associations between SL/SD status and age, gender or BMI.  293 
 294 
3.2 RjT tests 295 
Figures 2 and 3 demonstrate the proportion of participants preferring the sweeter 296 
sample to the control (least sweet sample) in each paired test. In the case of juice, 297 
the least sweet sample was 33.3 g/L sugar (Figure 2) whereas in the case of jelly the 298 
least sweet sample was 50 g/L sugar (Figure 3). The RjT for sweetness was 299 
identified where the proportion of participants preferring the control sample (lower 300 
sweetness) was significant and, hence, the concentration of sugar in the paired 301 
sample was rejected. Additionally, the RjT was estimated from the regression model 302 
equation (Figure 2). The RjT infers the consumer’s maximum acceptable sucrose 303 
concentration.  304 
 305 
In orange juice, the SD rejected samples once the sucrose concentration reached 306 
380 g/L sucrose (level 7) (p=0.047). A rejection threshold was not reached for SL, 307 
although a higher proportion of participants in this group was needed to reach the 308 
significance criteria as there were fewer people in this group (n=13). The proportion 309 
of people preferring the higher concentration of sucrose to the least sweet control 310 
was generally higher in the SL group compared to the SD group (Figure 1) until the 311 
sucrose concentration was above 380 g/L (level 7, log value 2.6 on Figure 2) where 312 
in both cases the proportion preferring the sweeter sample was less than 0.5. Using 313 
the linear regression equation it was estimated that the point at which the proportion 314 
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of population preferring the higher concentration fell below 50% would be 279 g/L for 315 
SL and 178 g/L for SD; however the concentration at which 75 % of the population 316 
preferred the lower concentration would exceed the levels tested at 677 g/L for SL 317 
and 590 g/L for SD. 318 
 319 
In orange jelly, a RjT was not reached for either the SD or SL group; hence the RjT 320 
for sweetness in jelly was higher than 854 g/L (L9). Although RjT for jelly was not 321 
detected, the proportion preferring sweeter samples in each pair was significantly 322 
higher for SL compared to SD (p=0.022, Wilcoxon signed rank test) (Figure 3).  323 
 324 
3.3 Sweetness intensity 325 
The LMS scale was used to evaluate the sweetness intensity of the jelly and juice 326 
samples. As the sucrose concentration increased, the mean intensity score of 327 
participants in both SL and SD increased (Figure 4). The difference between the 328 
samples was significant overall (p<0.0001). Across matrix and liker category, there 329 
was no significant difference between L1 and 2 (33.3 and 50 g/L sucrose), and these 330 
were significantly less sweet than levels 3, 4 and 5 (75, 113 and 169 g/L) which, in 331 
turn, were all significantly different from each other and significantly lower than levels 332 
6,7,8 and 9 (253, 380, 569 and 854 g/L). The four highest concentrations were not 333 
significantly different from each other.  334 
 335 
There was a distinct matrix effect on sweetness. As can be seen in Figure 4, 336 
sweetness ratings were significantly lower in jelly than in juice (p<0.0001). This is 337 
likely to have caused the differences in RjT which were reached in the liquid but not 338 
in the semi-solid. Overall, there was a significant overall difference in intensity ratings 339 
between SD and SL (p=0.001). However, there was no significant difference between 340 
SD and SL in their mean ratings within either the juice or the jelly matrix for any 341 
individual sucrose level. As shown in Figure 4, the rated intensity of sweetness 342 
perception in juice was very similar between SD and SL, whereas in jelly the mean 343 
ratings of the SD were higher than the SL for a number of samples but these 344 
differences were not significant.  345 
 346 
The relationship between log10 perceived intensity versus log10 sucrose concentration 347 
was approximately linear in all cases. Within the juice the slope (exponent) values for 348 
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SD and SL were 0.81 and 0.75 (R2=0.97 and 0.95, respectively), respectively, 349 
whereas in jelly these values for SD and SL were 0.69 and 0.73 (both R2=0.95). 350 
Thus, the exponents were very similar in all cases indicating that although the 351 
intensity of perception of sucrose may vary with the matrix (liquid juice versus semi-352 
solid jelly), the rate of increase in sweetness perception with increasing 353 
concentration was very similar between both food matrices and very similar for SL 354 
and SD (Figure 4). 355 
 356 
3.4 Dietary habits 357 
Data in the FFQ was used to record total carbohydrate and sugar intake from the 358 
participants (Table 1). Although the self-reported mean intake values for total sugars 359 
and sucrose were higher in the SL group, the differences were not significant. 360 
Regarding sugar intake as a percentage of total energy intake, the mean was higher 361 
for the SL compared to the SD (25 % compared to 22%); although this difference 362 
was not significant (p = 0.087).  363 
 364 
4 Discussion 365 
The rating method used to classify SL and SD was the same in this study as in other 366 
recent studies (Holt et al., 2000), whereas previous studies used the Monell forced 367 
choice paired comparison method (Mennella et al., 2011) but with the same sucrose 368 
concentrations. It was recently demonstrated by Kim et al., 2014 that the patterns of 369 
sweet liking determined by the rating method could be confirmed by the Monell 370 
method. The proportion of SL in the present study (36% when determined by the 371 
AHC method, 53% when determined by the average liking above mid-point method) 372 
was higher than in the Holt et al. (2000) study where they found 12% of Australians 373 
and Malaysians to be SL, but lower than the Yeomans et al., 2009 study where 60 % 374 
of UK students were found to be SL and the Kim et al., 2014 study where 50% of 375 
Koreans were classified as SL. However, classification methods differed in the 376 
studies. Yeomans et al., 2009 used the average liking above mid-point method, 377 
resulting in a similar proportion of SL as in our study when we classified by this 378 
method. However, using this approach we concluded that participants were easily 379 
misclassified. For instance, one participant’s average liking score was more than 50, 380 
but his liking score decreased with increasing sample sucrose concentration. 381 
Although such discrepancies could be resolved to some extent by normalising 382 
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individual results before classification, we found the cluster analysis by AHC to be 383 
the most successful method of grouping SL and SD. Holt et al., 2000 classified 384 
through the shape of reponse curve, with SL giving progressively higher liking scores 385 
as sucrose increased and SD displaying either an optimum concentration (4-8% 386 
sucrose) after which liking decreased, or a continual decline in liking ratings with 387 
sucrose concentration. This is rather similar to the use of cluster analysis in our 388 
study and of the study by Kim et al., 2014 which identified 3 clusters, the SL cluster 389 
increased their liking ratings with concentration and the other 2 clusters had an 390 
optimum sucrose concentration within aquous solutions of approximately 12 % 391 
sucrose. 392 
 393 
In Mennella et al., 2011 the most preferred sucrose concentration by adults was 394 
14.4% w/v. In our study, although there was no significant difference in the liking of 395 
the different sucrose concentrations by the group as a whole, the sucrose 396 
concentration most liked by SL was 14.4% w/v, while SD gave highest mean liking 397 
scores to the 6% w/v sucrose solution. These results suggest that preferred sucrose 398 
concentration should not be averaged across a group but that sweet liker status 399 
should be taken into consideration. This can be inferred from much earlier studies by 400 
Rose Marie Pangborn; firstly in a study of sucrose in coffee subjects were classified 401 
into four groups according to their hedonic response curve (liking either decreased, 402 
increased, reached an optimum or was unaffected by increasing sucrose 403 
concentration) (Lundgren et al., 1978), and in a second study where differences in 404 
liking for sweetness level in lemonade were found to correlate to intake of sweet 405 
foods (Pangborn & Giovanni, 1984). 406 
 407 
One limitation of the method used by ourselves and others is that classification 408 
based on responses in aqueous solutions may not relate to liking of sweetness in 409 
real foods. Indeed in the Holt study, some consumers classified as SD scored food 410 
samples with increasing sucrose levels higher in liking than some individuals 411 
classified as SL. In the Kim et al. 2014 study although the 2 clusters defined as SD 412 
reached an optimum sucrose concentration for liking in aqueous solution (at 12 or 413 
24% sucrose), one of these clusters (31%) continued to increase their liking with 414 
sucrose concentrations up to 36% in beverages. Relating this to the present study, 415 
although our SD group reached an optimum sucrose concentration for liking in 416 
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aqueous solutions at a lower level (6% w/v, Figure 1), their rejection of orange juice 417 
samples at 380g/L sucrose (38%) is very similar to the findings of Kim et al. (2014) 418 
where liking for sucrose in a beverage reduced at 36% sucrose. However, 419 
classification of SD and SL from aqueous sucrose solutions did not predict 420 
participants’ RjT for sucrose in orange jelly where the sucrose concentrations were 421 
perceived to be far less intense (Figure 4) and RjT were not reached (Figure 3). 422 
 423 
Taste and food preferences have previously been shown to have an important role in 424 
RjT. Studies by Harwood classified participants as bitter likers (preferring dark 425 
chocolate) and bitter dislikers (preferring milk chocolate). Compared to bitter 426 
dislikers, bitter likers had a higher RjT for the bitter tastant sucrose octaacetate 427 
within chocolate milk (Harwood et al., 2012a). Moreover, RjT of bitter dislikers was 428 
lower than for bitter likers in solid chocolate (Harwood et al., 2012b). Similarly in the 429 
present study, within orange juice SD had a lower RjT for sucrose (380g/L) than SL 430 
where the exact RjT was not determined, but was >380 g/L).  Within orange juice this 431 
confirmed the hypothesis that SL would have higher RjT for sucrose that SD. 432 
However, although higher sweet levels were used in the jelly than in the juice, the 433 
highest sucrose concentration (854 g/L) in jelly test failed to reach the RjT. The 434 
matrix effected the perception of sweet intensity, as shown in the perceived intensity 435 
(LMS) results and, this led to a difference in the RjT. It well known that viscosity 436 
effects perception of both taste and aroma and the possible causative mechanism 437 
were discussed in a review by (Cook, Hollowood, Linforth, & Taylor, 2005). They 438 
concluded that sweetness perception decreased with viscosity which fully supports 439 
the findings of the current study that perceived sweet intensity was substantially and 440 
significantly lower in jelly compared to juice. In line with our findings, Holt et al., 2000 441 
concluded that perception of sweet intensity and the sucrose addition levels which 442 
led to optimum liking were food-specific. They found sweetness in biscuits was lower 443 
than in orange juice at the same added sugar levels and that the most liked sugar 444 
level was higher in biscuits than in orange juice. However, the sweetness of orange 445 
juice and biscuits would be moderated by other tastants in the foods, particularly 446 
acidity and fat respectively, so the differences between the food types were not just 447 
due the physical properties of the matrix. In the current study, although a significant 448 
RjT in orange juice was not reached until 380 g/L, the proportion of people preferring 449 
the sweeter sample started to decrease after 75 g/L (or 7.5 % w/v) which is in line 450 
15 
 
with the Holt study finding. 451 
 452 
Although SD and SL had significantly different mean ratings of perceived sweet 453 
intensity from the LMS tests, the actual differences between SL and SD were very 454 
small and not significant within one matrix at any specific sugar concentration. From 455 
this we might conclude that preference for sweet foods did not influence sweet taste 456 
intensity perception, or vice versa. However, we also recognize that we used the 457 
LMS scale for measuring perceived intensity rather than the gLMS scale and, 458 
therefore as highlighted by (Bartoshuk et al., 2006) the perceived intensities denoted 459 
by the semantic labels may vary with the participants experience of the tastant. 460 
Following this argument, SD perception of “strong sweet taste” might be at a lower 461 
sucrose concentration than for SL, so SD might be expected to rate equivalent 462 
sucrose concentrations higher on the LMS scale than SL. However, this was not the 463 
case, the overall mean sweet intensity for SD (26.4) was lower than for SL (29.9). So 464 
accounting for the possible difference in experience of sweet taste, the difference we 465 
found between SD and SL in rated intensity might be slightly less if we had 466 
measured it on a stimulus generic gLMS scale. However, this would have led to the 467 
same overall conclusion that the differences in perceived sweetness between SD 468 
and SL was very small and could not account for their differences in sweet liking or 469 
RjT. 470 
Similarly, in the previous chocolate milk study, bitter likers and dislikers differed in 471 
their RjT whilst their bitter detection thresholds for the same bitter compound in the 472 
chocolate milk were not statistically different (Harwood et al., 2012a). This suggests 473 
that the ability to detect bitterness did not directly influence the consumers’ 474 
acceptability of bitter taste. It would, therefore appear that liking and RjT for both 475 
sweetness and bitterness are both not directly influenced by consumer sensitivity to 476 
these tastants, at least within the food matrices and parameters of these two studies. 477 
 478 
The Steven’s power functions for sweetness in orange juice and orange jelly showed 479 
slightly decelerating relationships with exponents approximating 0.75. A similar 480 
exponent of 0.78 has been reported in the literature for sweetness perception of 481 
sucrose in water, where an LMS scale was used by 20 subjects to rate sweetness 482 
intensity of aqueous sugar solutions (Green, Shaffer, & Gilmore, 1993). In this former 483 
study the concentration range was slightly lower than in the current study (from 0.05 484 
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to 0.8 M, or 17 to 274 g/L, in water compared to 33.3 to 569 g/L in orange juice); 485 
however unlike in water, the sweet perception in orange juice may have been 486 
suppressed by acidity in the juice. It has previously been demonstrated that 487 
suppression within binary taste mixtures decreases the slope of the psychophysical 488 
curve and reduces the exponent (Keast & Breslin, 2003); hence lower exponents 489 
might have been expected in this study for sweetness perception within the orange 490 
matrices. The Green study reported identical exponent values whether rated was 491 
done by the LMS scale or magnitude estimation (ME); however an earlier study 492 
reported a higher exponent of 1.13 using ME (Kroeze, 1976). This earlier study used 493 
a lower maximum sucrose concentration (195 g/L) which may explain the higher 494 
exponent as the increase in perceived intensity with increasing concentration would 495 
not have started to plateau. In the current study, if the exponent is calculated from 496 
only the data from 33.3 to 168.7 g/L sucrose in orange juice, the value increases to 497 
1.08 for SD and 0.91 for SL.  498 
 499 
Results from the current study suggest that sweet liker status is not related to 500 
differences in intensity of sweet perception, this may imply that differences in sweet 501 
liking are a learned behavior rather than a physiological taste response. A similar 502 
conclusion was drawn from an earlier study within coffee where ability to discriminate 503 
among sucrose levels and degree of liking for sucrose levels in coffee were found to 504 
be independent behavioral responses (Lundgren et al., 1978). This appears 505 
encouraging as it implies that sweet liker status could be modified; although it does 506 
not rule out inter-individual differences in physiological feedback. However, a more 507 
recent study by Wise et al., 2016 investigated the effect of a 3 month low sugar diet 508 
on sweetness perception and liking. They found that sweetness intensity was rated 509 
significantly higher following the low sugar diet, again encouraging, and yet this did 510 
not lead to a change in sweet liking. In our study, the small trend in difference for 511 
self-reported sugar intake between the SL and SD was also not promising. Both 512 
groups had over 20% of their energy intake as sugars, far in excess of dietary 513 
guidelines which recommend that daily intake of sugars should be less than 10% of 514 
total energy intake, with a further reduction to less than 5% providing additional 515 
health benefits (WHO, 2015).   516 
 517 
5 Conclusions 518 
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This study concluded that the RjT method used in previous studies to determine 519 
rejection thresholds for objectionable flavours could be successfully used to detect 520 
RjT for desirable flavours, in this case sweetness. RjT for sweetness was influenced 521 
by liking of sweet taste and within orange juice sweet likers had a higher RjT for 522 
sucrose than sweet dislikers. Perceived sweetness was much lower in a semi-solid 523 
jelly than in a liquid juice at equivalent sucrose concentration and, hence, RjT in jelly 524 
were not reached. Although there was a statistically significant difference in 525 
perceived sweet intensity between SL and SD, the extent of difference between the 526 
two groups was very minor. It was therefore inferred that differences in sweet liker 527 
status and sucrose RjT were influenced by factors other than perceptual differences 528 
in sweetness. Hence, future studies to investigate the effects of repeated exposure 529 
to low-sweetness as well as low-sugar diets on sweet liking and sucrose RjT are 530 
recommended. Larger studies with a broader spectrum of consumers are needed to 531 
determine whether sweet liker status has a significant impact on dietary intake of 532 
sugars and BMI. 533 
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 633 
Figure 1. The mean liking of sweet taste for the sucrose solutions for sweet likers 634 
and dislikers (n=36). SL and SD groupings determined agglomerative hierarchical 635 
cluster analysis. Error bars represent +/- standard error of the mean. Significant 636 
differences in ratings between SL and SD indicated by * (p<0.05). 637 
 638 
 639 
Figure 2. Proportion of participants preferring the orange juice containing the higher 640 
concentration of sucrose 641 
(note : the first value for SL was removed in order to fit the regression line)   642 
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 644 
Figure 3. Proportion of participants preferring the orange jelly containing the higher 645 
concentration sucrose 646 
 647 
 648 
Figure 4. Sweetness intensity as a function of sucrose concentration (Log-Log data) 649 
in orange juice and jelly 650 
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Table 1: Subject Characteristics 655 
  656 
 Totala Sweet 
Likers 
Sweet Dislikers 
Female n (%) 23 (66) 9 (75) 14 (61) 
Male n (%) 12 (34) 3 (25) 9 (39) 
Age years range (median) 18-50 (26) 20-50 (26) 18-50 (25) 
BMI kg/m2 range (median) 17-29 (22) 17-29 (24) 19-25 (21) 
Ethnicity n (%):    
Caucasian 13 (37) 4 (33) 9 (39) 
Chinese 15 (43) 4 (33) 11 (48) 
Other Asian 7 (20) 4 (33) 3 (13) 
Daily intake from FFQ, mean ± 
standard deviation: 
   
Total Carbohydrate (g / day)  307 ± 240 272 ± 128 
Total Sugars (g / day)  150 ± 89 126 ± 66 
Sucrose (g / day)  61 ± 38 56 ± 34 
Sugars as % Energy Intake   25 ± 6.3 22 ± 3.9 
a Of 36 people in the study, 1 participant denied demographic information 657 
 658 
 659 
